of pessimistic future scenarios? Both have implications for major changes in the climate and atmospheric composition: one is a "secondary" perturbation, arising from increasing rates of fossil fuel, biofuel and biomass burning, while the other is a "primary" perturbation, in terms of geoengineering which may eventually be undertaken as a reaction to our failure to otherwise control emissions.
I deeply hope that we will never see an era where widespread geoengineering like that discussed by Crutzen is being practiced, but there is no way to guarantee that this will be the case. Crutzen expresses the sincere concern that we may eventually reach the state of extreme climate change where the overall international sentiment is in favor of applying geoengineering. If we do not conduct careful research now, we will not be prepared to advise politicians on how to best approach large-scale geoengineering applications -including providing sound information on the various risks involved, and on which ideas should not be pursued further. I would add to this a further concern: it is easy to imagine a future scenario in which certain nations begin to undertake large-scale geoengineering efforts on their own. It is not uncommon for nations to act unilaterally in what they perceive as their own best interests, regardless of any international outcry about the consequences for the rest of the world. It does not take much effort to scan the literature and internet and quickly come up with a variety of climate-change-mitigating geoengineering proposals. However, it does take extensive knowledge and diligent research to assess the effectiveness, economic and technological requirements, and possible unintended consequences of each of these. Geoengineering efforts will probably always be accompanied by a questionable effectiveness and sizeable risks. This will be compounded if current research is not supported or is widely condemned. In that case, any future geoengineering undertakings, whether multi-national or unilateral, will be based on the poorly-informed best guesses of national policymakers and their advisors. There would be little international knowledge of what likely consequences to anticipate and what potential side effects to monitor for. Furthermore, without a good overview of potential geoengineering efforts which might eventually be undertaken, it would be difficult to monitor for the possibility of "covert" geoengineering. I am in support of Cicerone's recommendation of a moratorium on large-scale geoengineering applications. It will be very important to consider who can enforce such a moratorium and how they will do it. It may also be sensible to add to Cicerone's recommendation a further general moratorium against open-market economic gain from geoengineering applications, as discussed by Chisholm et al. (2001) and Lawrence (2002) with respect to proposals for CO 2 reduction through oceanic iron fertilization. Furthermore, a clear line will need to be drawn between allowed scientific experiments which are small-scale yet large enough to have statistically significant signals, and what goes beyond this, so that "science" cannot be used as camouflage for unilateral attempts to undertake largescale geoengineering efforts.
Thus the pertinent question is not "To speak or not to speak?", but rather "How to speak?" about geoengineering. One part of this is focusing on scientific issues, and, to the extent possible, avoiding blanket judgment terminology such as "good" and "bad". Scientifically, what is quantifiable is change, variability, and stability (where the distinction between change and variability often depends on the time scale). Whether change and variability are good or bad depends on your particular situation, as already pointed out by Schneider (2001): "anything other than a preservation of current structure and function demands a definition of 'improvement', and this judgement will be very different across diverse cultures." This applies not only to the relatively short-term interests of present human cultures, but also to much longer time scales: it is likely that climate change and variability are important factors influencing genetic diversity and evolution, including human evolution, though these relationships appear to be quite complex (e.g., Behrensmeyer, 2006; Hadly et al., 2004) .
Another part of how to speak about geoengineering is captured by Cicerone's plea for support of careful, conscientious, and scientifically sound research into geoengineering proposals, following the standard scientific path of publication in peer-reviewed journals. Vigilence is required in the manner in which we discuss geoengineering in the scientific literature. This is especially a responsibility of editors, who can filter incoming literature and solicit useful discussions, as well as of referees, who need to be aware of their importance as "watchdogs" in this very sensitive issue. Further, scientists will need to be particularly cautious about making conclusions and predictions based on current models, which are known to be in need of significant further development. Perhaps, as I have heard suggested in recent discussions, the additional filtering of such results could be considered as a future task for the IPCC assessments, providing an appropriate forum for further community assessment of the peer-reviewed literature.
Many concerns have been expressed about the possible future application of widespread geoengineering. Especially worrisome is that it could end up being used as an excuse for not needing to reduce greenhouse gas emissions, in which case it follows that the intensity of any geoengineering efforts (e.g., the amount of sulfur injected into the stratosphere per year) would also need to increase to keep pace with accumulating, long-lived greenhouse gases. Nevertheless, geoengineering is being discussed intensely, at least outside of the formal scientific literature, and it is not going to go away by ignoring it or refusing to discuss it scientifically. Thus, I would argue that it is our responsibility to do what scientists do best: explore it, understand it deeply, and eventually describe the key points of this understanding in terms accessible to the educated public and policy-making communities, in order to support well-informed decisions on geoengineering in the future.
